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TITLE 

PRESSURE OPERATED SAFETY SWITCH 



CROSS REFERENCE TO RELATED APPLICATIONS 
Not Applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

Not Applicable. 
BACKGROUND OF THE INVENTION 



15 The present invention relates in general to pressure sensors, and, more 

specifically, to a redundant safety switch for detecting the presence of pressurized 
fluid. 

Compressed air systems are used in many industrial settings to operate 
various types of pneumatic actuators. Air is compressed by a compressor and 

20 delivered to the actuators via a distribution system including conduits and valves. 
Some systems may cover a very large area with one or more high capacity 
compressors pumping compressed air or other fluid into an extensive network of 
delivery conduits. The network may include sections that can be isolated from the 
compressor(s) by closing certain valves. This allows portions of the system to be 

25 disassembled for maintenance or other reasons. 

Prior to attempting to disassemble or service a pneumatic system, it is 
necessary to ensure that the supply of pressurized fluid is removed from the point in 
the system being accessed. Various safety standards and governmental requirements 
exist, such as European Standard EN954, which direct that a pressure monitoring 

30 device be used to avoid unsafe servicing operations. 
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In certain applications, it may be necessary or desirable to perform 
redundant monitoring so that the failure of one monitoring device does not lead to 
attempted servicing at a point still receiving line pressure. A pressure switch is one 
typical type of monitoring device. Deploying redundant sensors has typically required 
5 the mounting of two separate pressure switches, more than doubling the cost of 
obtaining the safety function. 

SUMMARY OF THE INVENTION 

10 The present invention has the advantage of providing a low cost, compact, 

highly reliable redundant pressure switch that allows a user to verify that a safe 
condition exists before accessing a pneumatic system. 

In one aspect of the invention, a pressure switch is provided for monitoring 
the presence of a pressurized fluid at a predetermined pressure in a pneumatic system. 

15 The switch includes a switch body and a first pair of contacts disposed at a first end of 
the switch body. A first stem extends from the switch body at the first end and has a 
first internal passage for coupling to a source of the predetermined pressure. A first 
piston is slidably received on the first stem and has a first electrically conductive 
surface at a first piston end for selectably contacting the first pair of contacts. A 

20 second pair of contacts is disposed at a second end of the switch body. A second stem 
extends from the switch body at the second end and has a second internal passage for 
coupling to the source of the predetermined pressure. A second piston is slidably 
received on the second stem and has a second electrically conductive surface at a first 
piston end for selectably contacting the second pair of contacts. A housing receives 

25 the switch body and the first and second pistons. A first spring is retained between a 
second piston end of the first piston and the housing. A second spring is retained 
between a second piston end of the second piston and the housing. When the 
predetermined pressure is present then pressurized fluid within the first and second 
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internal passages extends the first and second pistons along the first and second stems, 
respectively, to open the first and second pairs of contacts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figure 1 is a block diagram showing a pneumatic system employing the 
pressure switch of the present invention. 

Figure 2 is a perspective view of the pressure switch. 
Figure 3 is an exploded perspective view of the switch of Figure 2. 
10 Figure 4 is a cross-sectional view along lines 4-4 of Figure 2. 

Figure 5 is a cross-sectional view along lines 5-5 of Figure 2. 

Figure 6 is a cross-sectional view along lines 6-6 of Figure 2. 

Figure 7 is a perspective view of the switch body of the pressure switch. 

Figure 8 is an exploded perspective view of the switch body with added 

15 insulators. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The pressure-operated safety switch of the present invention is applied to a 
20 point in the compressed air system, which requires monitoring for presence of 

pressurized air. Pressurized air is introduced into the switch through a tube or other 
suitable fitting at the point needing monitoring. The pressurized air is split internally 
to force redundant, independent pistons to an extended position. Under safe 
conditions (i.e., the absence of pressurized air), electrical contacts on each piston 
25 makes physical contact with switch body contacts to create two independent electrical 
switch paths. Pressure required to force the pistons away from the electrical contacts 
is adjustable by using a spring and set screw, for example. 

A further advantage of the present invention is that all failure modes of the 
pressure switch are fail-to-safe. In a properly operating switch, the two piston contacts 
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are physically removed from their two respective body contacts, thereby creating an 
electrical open circuit in the presence of pressurized air. Any open electrical switch 
path indicates that a potentially non-safe condition exists for service personnel. Thus, 
if one piston fails to operate properly, the two switch paths will indicate dissimilar 
5 results and a switch failure is apparent. The likelihood of both pistons failing to 
operate at the same time is probabilistically insignificant. 

The pressure-operated switch device of the present invention is fully 
enclosed and sealed so that it is capable of being used in harsh, dirty, washdown 
environments. 

10 Referring to Figure 1, a pneumatic (e.g., compressed air) system 10 includes 

a compressor 1 1 coupled to a fluid distribution system 12. Distribution system 12 may 
include a plurality of compressed air conduits interconnected by valves 13 to various 
sub-circuits, each of which preferably includes various pneumatic actuators such as an 
actuator 14. Pneumatic system 10 may be part of a manufacturing system and actuator 

15 14 may include a pneumatic press, for example. 

Compressor 1 1 may operate under control of a system control panel 15 
including a controller 16 for providing an on/off signal to compressor 1 1. A pressure 
switch 17 is connected to the sub-circuit of distribution system 12 including actuator 
14 for sensing the presence of pressurized air and provides an output signal to a 

20 detection circuit 18 in system control panel 15. Detection circuit 18 drives an 
indicator 19 for allowing a system operator to determine whether maintenance 
operations can be safely conducted on the sub-circuit. 

The pressure switch 17 is shown in Figure 2. A lower housing 20 is mated 
with an upper housing 2 1 . A fluid inlet port 22 passes through lower housing 20. An 

25 electrical connector 23 provides for an electrical connection of the switch paths within 
pressure switch 17. A set screw 24 passes through housings 20 and 21 to control a 
pressure sensing threshold as described below. Housings 20 and 21 are hermetically 
sealed. 
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Figure 3 shows an exploded view revealing an internal switch body 
including a lower switch body 25 and an upper switch body 26. A pair of cylindrical 
stems 27 and 28 extend from opposite sides of upper switch body 26. Lower switch 
body 25 includes a fluid passage 30 in communication with internal passages in stems 
5 27 and 28 and with fluid inlet port 22. 

A first pair of electrical contacts 3 1 and 32 are disposed on opposite sides of 
stem 27. A second pair of contacts 33 and 34 are disposed on opposite sides of stem 
28. Contacts 31-34 are in the form of metallic clips that clip into slots 35-38, 
respectively. 

10 Switch 17 further includes first and second pistons 40 and 41 including 

central bores 42 and 43 slidably received on stems 27 and 28, respectively. Pistons 40 
and 41 may be comprised of molded plastic and respectively include conductive discs 
44 and 45 positioned for contacting contacts 3 1-34 in each of the redundant switches. 
Thus, one switch path includes disc 44 and contacts 3 1 and 32 while the other switch 

15 path includes disc 45 and contacts 33 and 34. Stems 27 and 28 include o-rings 46 and 
47 sized to seal against bores 42 and 43, respectively, so that pressure introduced into 
passage 30 via fluid inlet port 22 acts upon pistons 40 and 41 to extends the pistons 
away from the switch body to thereby open the pairs of contacts in the presence of 
pressurized fluid. 

20 Pistons 40 and 4 1 are normally urged against their respective contacts by 

springs 52 and 56 as follows. Upper and lower housings 21 include a threaded hole 50 
for receiving set screw 24. A push plate 51 engages the internal end of set screw 24 
inside the housing and is free to move longitudinally within the housing. Spring 52 is 
retained between push plate 5 1 and piston 40. Thus, the force which must be 

25 overcome by pressured fluid to extend piston 40 is adjustable by controlling the 

preloading of spring 52 according to the position of set screw 24 and push plate 5 1 . 
Likewise, a set screw 53 passes through a threaded hole 54 and has a push plate 55 
retained inside the housing. A spring 56 is preloaded between push plate 55 and the 
end of piston 41. Housing halves 20 and 21 create an internal cavity 57 which 
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receives the switch body and pistons. Lower housing 20 may include a pair of inserts 
20a and 20b for guiding the longitudinal motion of pistons 40 and 41. Alternatively, 
the guiding cylinders may be integrally formed in housings 20 and 21. Lower housing 
20 further includes an aperture 58 receiving fluid inlet port 22 and aligned with 
5 passage 30 in lower switch body 25. 

Figure 3 shows a pair of leads 61 and 64 connected to contacts 31 and 32, 
respectively. The other ends of leads 61 and 64 are connected to respective ones of 
the connector pins 62 which may be accessed as part of a first sensor switch. A pair of 
leads 66 and 67 are connected to contacts 33 and 34, respectively. The other ends of 

10 leads 66 and 67 are connected to other respective ones of the connector pins 62 and 
may be accessed as part of a second (i.e., redundant) sensor switch. Wires 61, 64, 66, 
and 67 may be connected by soldering, for example. The output pins 62 are connected 
to a detection circuit in a known manner. In the event that housings 20 and 2 1 are 
conductive (e.g., metallic), a fifth connector pin (not shown) connected by a wire (not 

15 shown) to the housing is preferably included for connecting the housing to a ground 
wire. 

Figure 4 shows a horizontal cross section of switch 17 in its rest state 
without sufficient pressurized fluid being introduced into passage 30 to extend pistons 
40 and 41. Consequently, conductive disc 44 creates a signal path between contacts 

20 31 and 32 while conductive disc 45 creates a signal path between contacts 33 and 34. 
A preloaded spring force from springs 52 and 56 maintains good electrical contact 
between the conductive discs and the contacts. When sufficient fluid pressure is 
present in passage 30, it acts against pistons 40 and 41 to extend them away from 
switch body 26 thereby compressing springs 52 and 56 and disconnecting conductive 

25 discs 44 and 45 from the switch contacts. 

Figure 5 shows a vertical cross-section wherein set screw 53 has been 
rotated in order to extend push plate 55 into the housing interior providing a higher 
spring pre-load force for spring 56. Thus, a pressure threshold can be controlled at 
which the pressure switch responds. 
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Figure 6 is a horizontal cross section showing the portion of fluid path 
passage 30 from fluid inlet port 22 through lower switch body 25 and upper switch 
body 26. Fluid inlet port 22 further includes an o-ring 70 for sealing with a tube or 
conduit for connecting pressure switch 17 to a desired point in the compressed air 
5 distribution system. 

Figures 7 and 8 show the switch body assemblies in perspective views. 
Switch body halves 25 and 26 may preferably be comprised of a molded plastic, for 
example. Alternatively, they may be formed of a machined metallic block requiring 
the use of insulators 71-74 for lining slots 35-38 as shown in Figure 8 in order to 
io insulate contacts 3 1-34 from upper switch body 26. Plastic or paper liners may be 
used for insulators 71-74. Lower switch body 25 includes an aperture 75 as part of 
fluid passage 30 and a recess 76 for retaining an o-ring to provide sealing of fluid 
passage 30. 
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